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CYTOASSAY 

The present invention relates generally to a cytoassay. More particularly, the present 
5 invention relates to a system for assaying for cell viability and activity by detecting a 
signal from a non-indigenous reporter molecule in the cell. The cytoassay of the present 
invention is particularly useful in assays for cell growth, cytotoxicity and/or a cell 
adherence and for agonists or antagonists thereof 

10 Bibliographic details of publications referred to herein are given at the end of the 
specification. 

Throughout this specification, unless the context requires otherwise, the word 
"comprise", or variations such as "comprises" or "comprising", will be understood to 
15 imply the inclusion of a stated element or integer or group of elements or integers but 
not the exclusion of any other element or integer or group of elements or integers. 

Cell growth assays have been used to detect cytokines and their agonists and antagonists. 
A number of techniques are currently employed. One involves radioisotopes such as the 

20 incorporation of ^H-thymidine (^H-Tdr) ihto DNA which relies on radioactivity 
measuring apparatuses, the most common being scintillation counters. Such coimters 
have a wide dynamic range and the technique is accurate and sensitive in measuring cell 
growth. However, in addition to the general hazards of working with radioisotopes, the 
technique has a major disadvantage in that the cells need to be processed to separate 

25 unincorporated isotopic material prior to being prepared for liquid scintillation counting. 

Another technique which is employed involves measurement of intracellular indigenous 
enzymes. This approach is predicated on finding substrates for intracellular enzymes 
which can be measured in a spectrophotometer (7). The dynamic range of the plate 
30 spectrophotometers is very low and errors are relatively high. Although the cells do not 
generally require further processing prior to spectrophotometry, extra steps are frequently 
required to solubilise the product before it can be determined on the plate reader. 
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A further method involves determining cell growth by measurement of intracellular 
esterase with a fluorescent substrate and a plate fluorimeter (6). Although fluorimeters 
have a wide dynamic range, the substrates are unstable in aqueous solution and so the 
background readings can be high. Consequently, the sensitivity of this method is low 
S and the cells require additional processing to remove exogenous esterases present in the 
medium. 

A need exists, therefore, for an assay which is sensitive and which is not dependent on 
cell growth to determine cell viability or presence but which can be readily adapted as 
10 a cell growth assay. 

In accordance with the present invention, the inventors have developed an assay based 
on the presence of a non-indigenous reporter molecule to detect cell activity. By 
"activity" as used herein is meant to include cell viability and is a measure of cell 

15 growth, survival and/or adherence to a solid support. The term "non-indigenous" in 
relation to a reporter molecule of the present invention means a molecule which is not 
naturally occurring within a cell and is thereby a non-native molecule. Generally, non- 
indigenous molecules are recombinant peptides, polypeptides or proteins and produce a 
detectable signal. Preferred reporter molecules are exogenous reporter enzymes capable 

20 of producing a detectable signal by metabolism of a substrate or are recombinant 
antigens useful in immune based assays. 

Accordingly, one aspect of the present invention contemplates a method for detecting 
activity of an indicator cell line, said method comprising generating a transfectant of said 

25 cell line with a genetic sequence encoding a reporter molecule or a functional mutant, 
derivative, part, fragment, homologue or analogue thereof such that said reporter 
molecule genetic sequence is capable of being expressed upon growth of said indicator 
cell line and then incubating said transfected indicator cell line for a time and under 
conditions sufficient to permit growth of said cells and then detecting cell growth by 

30 determining the presence of said reporter molecule. 



wo 96/12795 



PCT/AU95/00692 



Generally, the reporter molecule: 

(i) is not indigenous to said cell; 

(ii) can be stably expressed by the cell; 

(iii) is capable of being detected by an assay system which provides a 
measure of cell viability of the said indicator line; and/or 

(iv) degrades following cell death. 



This aspect of the present invention is particularly applicable for the development of a 
cell growth assay, especially of factor-dependent cell lines. Such an assay is applicable 
for screening for cytokines or agonists or antagonists thereof for said ceil lines. 

According to this embodiment there is provided a method for detecting growth of a 
factor-dependent indicator cell line, said method comprising generating a trahsfectant of 
said factor-dependent cell line with a genetic sequence encoding a reporter molecule or 
a functional mutant, derivative, part, fragment, homologue or analogue thereof such that 
said reporter molecule genetic sequence is capable of being expressed upon growth of 
said indicator cell line and then incubating said transfected indicator cell line in the 
presence of a putative factor or sample containing a putative factor for a time and imder 
conditions sufficient to permit growth of said cells if said factor is present and then 
detecting cell growth by determining the presence of said reporter molecule. 

A "factor-dependent cell line" is a cell line which depends on the presence of a growth 
factor for survival and/or growth. Such cell lines include the B13 cell line (1) which 
grows in the presence of a number of mouse growth factors, including IL5. Other 
suitable cell lines are described by Greenberger et al (4) and Gillis et al (5). Further 
cell lines have been established by transfecting an existing cell line with a growth factor 
receptor so that the cell line becomes dependent on the ligand for the transfected 
receptor. Because the cell lines are dependent on a growth factor for their growth and/or 
survival they can be used to detect growth factors in biological fluids. Thus, cell lines 
are available or can be generated which will detect a large number of different growth 
factors. 
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The indicator cell line could be derived from any animal species. This can be achieved 
by utilising a vector in which the reporter molecule gene expression is controlled by 
enhancers and a promoter which are functional in the required cell line. Useful 
promoter systems for manunalian cell lines include: the human cytomegalovirus 
5 (HCMV) enhancer and promoter (10), the promoter from the polypeptide chain 
elongation factor (EK-la) gene (11), the promoter from the Simian Virus 40 (SV40) 
[12]. A particularly useful vector would also contain the sequences encoding a 
selectable marker and controlling sequences so that this gene is also expressed in the 
required cell line. A example of a selectable marker includes the neo gene which 
10 expression confers resistance to the drug G418 and allows selection of cells carrying the 
inserted vector. 

After transfection and selection, a clone of the required cell line is chosen which shows 
the required growth characteristics of the parent cell line, and expresses the reporter 

1 S molecule. The advantage of this assay is that after cell death the reporter molecules are 
preferably rapidly degraded thus the detection of reporter molecule activity provides an 
assay for the number of viable cells. This can be used in a quantitative assay whereby 
the activity per cell is determined by comparison of total reporter molecule activity in 
a determined number of cells. For example, the number of cells can be determined in 

20 a Coulter Counter. With the activity per cell determined the number of viable cells in 
a series of test samples can be determined by assay for reporter molecule activity. 

For most applications quantitative determination is not required and assay results can be 
determined by comparison with positive and negative controls. A positive control would 
25 be indicator cells incubated under conditions to ensure maximum growth or viability, 
and a negative control would be indicator cells incubated under conditions required for 
minimal growth or viability. 

The present invention is exemplified with reference to luciferase as the reporter 
30 molecule. This enzyme is a particularly suitable reporter protein for use in the methods 
of the present invention as it is capable of being detected by the production of photons 
from lucifmn in the presence of ATP and CoA. In a preferred embodiment, the factor 
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dependent cell lines express luciferase. The factor under test is diluted in a microplate, 
and washed indicator cells are added. After incubation to allow the cells to grow, 
typically for 24-48 hours, the wells are assayed for luciferase activity. Luciferase 
activity provides an estimate of the number of viable cells in each well. Reference 
5 hereinafter to luciferase as the reporter molecule is to be taken as exemplary of other 
suitable reporter molecules and all such reporter molecules are encompassed by the 
present invention. For example, the reporter protein p-galactosidase encoded by the 
LacZ gene of E, coli may also be used. This is a particularly useful reporter molecule 
as it may be detected by a number of fluorescent and chemiluminescent substrates. 

10 

Accordingly, another aspect of the present invention provides a method for detecting 
activity of an indicator cell line, said method comprising generating a transfectant of said 
cell line with a genetic sequence encoding luciferase or a functional mutant, derivative, 
part, fragment, homoiogue or analogue thereof such that said luciferase genetic sequence 
1 5 is capable of being expressed upon growth of said indicator cell line and then incubating 
said transfected indicator cell line for a time and under conditions sufficient to permit 
growth of said cells and then detecting cell growth by luciferase activity on luciferin. 

Accordingly, this aspect of the present invention contemplates a method for detecting 
20 adherence of an indicator cell line, said method comprising generating a transfectant of 
said cell line with a genetic sequence encoding luciferase or a functional mutant, 
derivative, part, fragment, homoiogue or analogue thereof such that said luciferase 
genetic sequence is capable of being expressed in said indicator cell line and then 
incubating said transfected indicator cell line for a time and under conditions sufficient 
25 to permit adherence of said cells and then detecting luciferase activity on luciferin after 
non-adhered cells are removed. 

Removal of cells may be by any convenient means such as but not limited to washing, 
dilution, centrifugation or by decanting. The present invention extends to a modified 
30 assay to screen for agonists and/or antagonist of cell adherence as well as to such 
agonists and antagonists when identified by the assay herein described. 
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The present invention more particularly contemplates a method for detecting growth of 
a factor-dependent indicator cell line, said method comprising generating a transfectant 
of said factor-dependent cell line with a genetic sequence encoding luciferase or a 
functional mutant, derivative, part, fragment, homologue or analogue thereof such that 
5 said luciferase genetic sequence is capable of being expressed upon growth of said 
indicator cell line and then incubating said transfected indicator cell line in the presence 
of a putative factor or sample containing a putative factor for a time and under 
conditions sufficient to permit growth of said cells if said factor is present and then 
detecting cell growth by luciferase activity on luciferin. 

10 

As stated above, the luciferase gene catalyses the production of photons from luciferin 
in the presence of ATP and Coenzyme A. Conveniently, the genetic sequence is a 
cDNA encoding firefly luciferase, such as described by DeWet et al, (9) or a 
functionally active mutant, derivative, part, fragment, homologue or analogue thereof 

IS Henceforth, all such mutants and the like of luciferase are encompassed by the term 
"luciferase". AVhile firefly luciferase is particularly described herein, any number of 
other luciferase genes may be employed. Examples of alternative luciferase genes 
include the genes from Vargula hilgendorfii (2) or from Renilla reniformis (3). The 
cDNA is carried and expressed on a suitable expression vector. Alternatively, the cDNA 

20 is inserted downstream of an existing genomic promoter such that growth of said cells 
stimulates expression of the luciferase gene. 

The luciferase genetic construct is transfected into the cell line by any number of 
suitable techniques such as by electroporation with stable transfectants being selected on 
25 a suitable medium. 

The method of the present invention is particularly applicable in screening biological or 
chemical samples for potential factors required for growth of factor-dependent cell lines. 
Biological and chemical samples include culture supernatant, conditioned medium, tissue 
30 and cell extracts, tissue fluid, whole blood, serum, lymph, respiratory and other mucus 
fluid and secretory fluid as well as preparations of chemical compounds whether in 
substantially pure or impure form. The factor dependent cell lines are generally animal 
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cell lines having a requirement for a known or unknown factor, generally a cytokine, to 
promote, initiate or enhance maintenance of growth. The animal cell lines may originate 
from humans, laboratory test animals (e.g. mice, rats, rabbits, guinea pigs), livestock 
animals (e.g. cows, sheep, goats, horses), birds, companion animals (e.g. dogs, cats) or 
5 captive wild animals. The cell lines may also be tumorigenic. Examples of factors on 
which the cell lines may be dependent include growth factors, colony stimulating factors 
and interleukins (e.g. IL-1 to IL-16). 

Another aspect of the present invention is directed to a kit useful for detecting factors 
10 such as cytokines and/or agonists or antagonists thereto, said kit comprising in multi- 
component form, a first component comprising a factor-dependent cell line capable of 
producing luciferase in response to said factor and a second or further components 
comprising reagents for detecting activity of luciferase. 

15 Yet another aspect of the present invention is directed to a cytokine or an agonist or 
antagonist thereof identified by the cell growth assay of the present invention. 

Another form of the subject cytoassay is in cytotoxicity testing of indicator cell lines. 

In this aspect of the invention, the cell line need not be a factor dependent cell line. 
20 Cytotoxicity assays are frequently used to determine cell mediated cytotoxicity (i.e. the 

killing of a target cell by another cell such as a cytotoxic T cell) or to monitor the 

cytotoxic effects of compounds or antibodies. In this sq)plication, the target cell 

expresses the luciferase gene and the cytotoxic effect is assessed by assay for luciferase. 

Because luciferase is rapidly degraded followmg the death of a cell, only viable cells 
25 would give a luciferase signal, thus the proportion of cells killed in the cytotoxicity 

assay could be determined by comparison with controls. 

Accordmgly, another aspect of the present invention contemplates a cytotoxicity assay 
for an indicator cell line, said method comprising generating a transfectant of said cell 
30 line with a genetic sequence encoding luciferase or a functional mutant, derivative, part, 
fragment, homologue or analogue thereof such that said luciferase genetic sequence is 
capable of being expressed upon growth of said indicator cell line and then incubatmg 
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said transfected indicator cell line in the presence of a putative cytotoxic factor or 
sample containing a putative cytotoxic factor for a time and under conditions sufficient 
to permit growth of said cells if said factor is present and then detecting cell growth by 
luciferase activity on luciferin. Putative cytotoxic factors include but are not limited to 
5 chemical compounds, antibodies, recombinant molecules, naturally occurring and 
optionally isolated molecules (e.g. from plants, coral or microorganisms) and 
pharmaceutical compounds. The method may also be modified to identify agonists or 
antagonists of known cytotoxic agents by screening for enhanced or diminished 
cytotoxicity in the presence of the known agent. 

10 

The present invention extends, therefore, to a cytotoxic agent or an agonist or antagonist 
thereof identified by the cytotoxic assay herein described. 

Still a further embodiment of the cytoassay is a cell adherence assay. Cell adherence 
IS assays are used to determine the adhesion of an indicator cell to other cells or to 
surfaces. This system allows the determination of the molecules involved in the 
adherence phenomenon to be studies and identified. In this application, the indicator 
cells express the luciferase. The indicator cells are allowed to settle on to test surface 
(monolayer or cells or molecules coupled to the bottom of a tissue culture well. After 
20 washing the adhering cells are determined by assay for luciferase. These assays could 
be adapted to test for antagonists and agonists of adherence, by incorporating test 
compounds into the medium during the adherence assay. As the test could be 
confounded by direct toxicity of the compound towards the indicator cells, a toxicity 
control may need to be carried out where the indicator cells are incubated with the test 
2S compounds. Any loss of luciferase activity indicates toxicity. 

In a particularly preferred embodiment, the luciferase genetic sequence is inserted in a 
gene encoding a known receptor inducible gene. The insertion is such that upon a 
ligand interacting with the receptor, the luciferase genetic sequence is expressed. In 
30 accordance with this embodiment, the receptor is for the factor upon which the cell line 
is dependent. Such engineered factor-dependent cell lines are particularly useful in 
screening for ligand or ligands for the receptor or screening for agonists or antagonists 
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of ligand interaction with the receptor. 

Yet another aspect of the present invention is directed to a factor-dependent cell line 
transfected with a genetic construct encoding a luciferase such that upon growth of said 
5 factor-dependent cell line, there is detectable luciferase activity. Preferably, the 
luciferase genetic construct is expressed upon activation of the factor-dependent cell line 
with the said factor. Even more preferably, the luciferase genetic sequence is fused to 
the genetic sequence encoding a receptor for said factor such that luciferase is produced 
upon interaction between the factor and its receptor. Most preferably, the factor is IL5 
10 and its receptor is the IL5 receptor (IL5R). 

In a particular aspect of the present invention, the luciferase genetic sequence is inserted 
into a specific location such that it becomes a marker for alternative splicing. Most 
genes in higher eukaryotes contain intervening sequences (introns) between coding 

15 sequences (exons). The introns arc removed from pre-mRNA by splicing so that the 
coding sequences become contiguous in mature RNA. Some pre-mRNA xmdergoes 
alternative splicing so that the different gene products are derived from a single gene. 
In accordance with the present invention, a cytokine receptor is selected which directs 
synthesis of a pre-mRNA prior to alternative splicing. One such cytokine receptor is the 

20 IL5 receptor a-chain gene. The luciferase genetic sequence is inserted downstream of 
an exon so as to direct synthesis of a fusion protein. Such a construct provides a 
convenient assay for analogues or agonists of the splicing factors for that receptor as 
well as for a range of antagonists of cytokine receptor production. 

25 Still, in a further aspect of the present invention, there is provided a genetic construct 
comprising fu^ and second nucleotide sequences wherein the first sequence encodes a 
receptor for a factor and said second nucleotide sequence encodes luciferase or 
functional like molecule wherein upon expression of the fu^ nucleotide sequence, said 
second nucleotide sequence is expressed to produce luciferase. Preferably, the second 

30 nucleotide sequence is placed at the 3' end of an exon on said first nucleotide sequence. 
The genetic construct of the present invention is particularly useful in the generation of 
factor-dependent indicator cell lines. 
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The present invention is hereinafter described with reference to a cell growth assay using 
a factor-dependent cell line. This is done, however, with the understanding that the 
present invention extends to the use of both factor-dependent and factor-independent cell 
lines and other assays such as a cytotoxic assay or a cell adherence assay. 

5 

The present invention is further described by the following non-limiting Figures and/or 
Examples. Reporter molecules other than luciferase may be employed using similar or 
analogous methods to those hereindescribed. The present invention extends to all 
suitable reporter molecules in addition to luciferase. 

10 

In the Figures: 

Figure 1 is a graphical representation showing luciferase activity in Baf ceils. 

1 5 Figure 2 is a graphical representation of a comparison of luciferase activity with •'H-Tdr 
incorporation. - o - Luciferase; - V - ^H-Tdr. 

Figure 3 is a graphical representation showing IL5 production from stimulated EL4.23 
cells. -□- control; -■- PMA; -a- cAMP; and - ♦ - PMA/cAMP. 

20 

Figure 4 is a graphical representation showing titration of murine IL5 from Baculovirus 
system over three different experiments (-■-, - a- and -•-). 

Figure 5 is a graphical representation showing titration of human IL5 from Baculovirus 
25 system over three different experiments (-■-, - a- and -x-). 

Figure 6 is a graphical representation showing a comparison of luciferase systems. -■- 
Lab 201; and - a- Promega. 



30 



Figure 7 is a graphical representation depicting B13-Luc survival. 
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Figure 8 is a diagrammatic representation of plasmid pHCNfV-Luc. PE, promoter early; 
PL, promoter late; P, promoter; Enh, enhancer. 



S EXAMPLE 1 

CELL LINES 

Studies were conducted in Baf-IL5aR cells (8) as well as the Bl 3 cell line (1). The 
latter cell line grows in the presence of a number of mouse growth factors, including 
IL5. 

10 

EXAMPLE! 
LUCIFERASE GENE 
A luciferase gene in the form of cDNA (2) was ligated into the pHCMV expression 
vector. This vector was constructed so that the selectable maricer neo would express in 
1 5 mammalian cells under the control of the SV40 promoter and the luciferase gene under 
the control of the cytomegalovirus promoter. Similar vectors for generating stable 
transfectants in eukaryotic cells are conunercially available such as vectors pBK-CMV 
and pBK-RSV from Stratagene, A diagrammatic representation of pHCMV-Luc is 
shown in Figure 8. 



20 
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EXAMPLE 3 

PRODUCTION OF CELLS PRODUCING LUCIFERASE 

The luciferase expression vector of Example 2 was transfected into the factor-dependent 
S ceil line B13 of Example 1 by electroporation. Stable transfectants were selected in 
G418 under limiting dilution conditions. A sample of clones was tested for luciferase 
expression and those expressing high levels of IL5 (see Example 4) were selected for 
further analysis. One of these selected clones is designated (B13-Luc). 

10 EXAMPLE 4 

ASSAY FOR IL5 

A standard solution of human IL5 was titrated in a microplate and CTLL-IL5R-Luc cells 
(Example 3) added at lO-^/well to give a total volume of 100 fxl. After 48 hours, the 
luciferase assay reagent (Promega; containing luciferin, Coenzyme A, ATP and buffer) 

IS with the addition of 0.5% v/v Triton X 100 to lyse the cells was added in a volume of 
2S |il. The plate was immediately placed in a Packard Top Count to determine light 
emissions. The use of Coenzyme A changes the kinetics of the reaction to provide a 
stable light emission. Thus, injection apparatus normally associated with luminometers 
is unnecessary. An experiment comparing luciferase activity with -^H-Tdr incorporation 

20 is shown in Figure 2. This illustrates that luciferase activity using 5 x lO*^ cells/well 
gives plateau levels of about 30,000 light units. These data indicate the very low 
background levels in the absence of ILS and sensitivity at least as good as ^H-Tdr. 

EXAMPLE 5 

25 DETECTION OF MOUSE AND HUMAN ILS USING AN 

ILS DEPENDENT CELL LINE EXPRESSING LUCIFERASE 
The Baf-Luc cell line was used in this assay. These cells were obtained by stably 
transfecting an IL3-dependent mouse cell line with the human ILS receptor a-chain (cell 
line Baf-IL5aR). The human a-receptor chain confers to this cell line growth- 

30 responsiveness to both mouse and himian ILS. The Baf-ILSaR cells were then 
transfected with the plasmid pHCMV-Luc (Figure 8). Cells highly expressing luciferase 
were selected and cloned to produce the Baf-Luc cell line. These cells are dependent 
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on IL5 for growth and proliferation and will express luciferase only when proliferating. 



Production of IL5 by EL4-23 cells 

EL4-23» a mouse thyoma cell line with high inducible ILS expression, was stimulated 
5 with phorbol ester (PMA), cyclic-AMP or a combination of the two for 24 hours. 
Production of IL5 in the supernatant of the cell culture was assayed using the Baf-Luc 
system. Baf-Luc cells (5000 cells/well) were incubated in the presence of a serial 
dilution (1:2) of EL4-23 supematants for 48 hours. Baf-Luc cell survival was 
determined by monitoring luciferase activity. The results are shown in Figure 3. 

10 

Titration of IL5 expressed in a baculovirus system 

Mouse and human recombinant ILS are routinely prepared using a baculovirus system. 
To titrate the relative units of ILS in each preparation, serial dilution (1 :2) of different 
batches of mouse or human ILS were prepared and added to Baf-Luc cells. Cell 
15 survival was determined by monitoring luciferase activity. The relative amount of ILS 
in each preparation was determined by comparing the 50% end point of each titration 
curve. The results are shown in Figures 4 (mouse) and 5 (human). 

The Baf-Luc system is very sensitive. Luciferase activity can be measured with as few 
20 as 100-250 cells/well. Two luciferase buffers were tested. The "Lab201 home-made" 
buffer was made up using firefly luciferase (Molecular Probes). The promega buffer 
was a ready-to-use solution provided by the supplier. Both buffers gave a similar 
response curve when used with a known number of ILS stimulated Baf-Luc cells. The 
results are shown in Figure 6. 
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EXAMPLE 6 

A METHOD FOR DETECTING AND QUANTIFYING HAEMOPOIETIC CELL 
SURVIVAL IN RESPONSE TO IL5 IN A CO-CULTURE WITH A 
S STROMAL LAYER USING CELLS EXPRESSING LUCIFERASE 

The pro-B lymphocyte cell line, B13, was used in this assay. These cells were originally 
derived from Balb/C mouse bone marrow and are responsive to IL3, IL4 and IL5, The 
B13 cells were transfected by electroporation with the plasmid pHCN4V-Luc. This 
plasmid consists of the firefly luciferase gene ligated into pHCMV which also contains 

10 neomycin. Cells highly expressing luciferase were selected with geneticin (G418) 0.8 
mg/ml and cloned to produce a stable cell line, BI3-luc. A preparation of baculovirus 
expressed recombinant ILS was incubated with a stromal layer comprising a 
subconfluent monolayer of Swiss 3T3 cells* a murine embryonic mesenchymal cell line. 
The stromal layers were extensively washed to remove excess ILS. BI3-luc cells were 

1 S added to ILS treated and untreated stromal layers and the survival of these growth factor 
dependent cells was assessed after 24 hour in co-culture. B13-luc cell survival was 
determined by monitoring the luciferase activity of the co-culture in the presence of 
ATP-luciferin-CoA substrate. Luciferase activity is expressed as counts per second 
(LCPS). Results are shown in Figiu^e 7. 

20 

EXAMPLE 7 
MODinCATION TO LUCIFERASE ASSAY 

A modification to the luciferase assay includes in the assay system all the components 
required to assay luciferase activity as well as an agent to release the luciferase enzyme 

2S from the cell. An example is to include O.S% v/v Triton x 100. Thus, at the end of an 
incubation period when it is required to determine the number, or relative number, of 
viable cells in the samples, an aliquot of the assay reagent is added to each sample in 
the container that was used for the incubation. The luciferase activity can then be 
determined in a luminometer without the need to harvest or process the cells to extract 

30 the luciferase enzyme. The preferred method is to use^ microplates for the incubation 
and then to determine the light output in a luminometer designed to read directly the 
activity in these microplates. However, other centrifrigations can be used or samples can 
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be transferred from an assay container to a container suitable for measurement in a 
luminometer. 

EXAMPLE 8 

5 DETERMINATION OF VIABLE AND RELATIVE CELL NUMBERS 

The present invention provides an assay to determine viable and relative cell numbers 
which have various applications. These applications include: 

(a) Assays where it is required to determine cell growth or viability where only a 
10 single cell type is involved- Examples include the determination of cytokine 

activity using factor dependent cell lines and the determination of cytotoxic 
agents. 

(b) Assays where it is required to determine cell growth or viability of one cell type 
15 in the presence of another cell type. Examples include adhesion of one cell type 

to another, and the determination of cell mediated cytotoxic activity on an 
indicator cell line* 

EXAMPLE 9 

20 IDENTIFICATION OF LUCIFERASE ACTIVITY IN Baf CELLS 

Baf-luc cells were counted in a coulter counter and different number distributed into the 
wells of a microplate. Luciferase reagent was added and the light output determined in 
a luminometer Fewer than 100 cells can be detected as significantly above background. 
The average light output/cell is 0.48 LU and this value can be used to quantify the 

25 number of cells. The results are shown in Figure 1 . 

Those skilled in the art will appreciate that the invention described herein is susceptible 
to variations and modifications other than those specifically described. It is to be 
understood that the invention includes all such variations and modifications. The 
30 invention also includes all of the steps, features, compositions and compounds referred 
to or indicated in this specification, individually or collectively, and any and all 
combinations of any two or more of said steps or features. 
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CLAIMS: 

1. A method for determining the activity of an indicator cell line, said method 
comprising generating a transfectant of said cell line with a genetic sequence encoding 
a reporter molecule or a functional mutant, derivative, part, fragment, homologue or 
analogue thereof such that said reporter molecule genetic sequence is capable of being 
expressed upon growth of said indicator cell line and then incubating said transfected 
indicator cell line for a time and under conditions sufficient to permit growth of said 
cells and then detecting cell activity by determining the presence of said reporter 
molecule. 

2. A method according to claim 1 wherein the reporter molecule is an enzyme. 

3. A method according to claim 2 wherein the reporter molecule is luciferase. 

4. A method according to claim 1 or 2 or 3 wherein the indicator cell line is a 
factor-dependent cell line. 

5. A method for detecting activity of an indicator cell line, said method comprising 
generating a transfectant of said cell line with a genetic sequence encoding luciferase or 
a functional mutant, derivative, part, fragment, homologue or analogue thereof such that 
said luciferase genetic sequence is capable of being expressed upon growth of said 
indicator cell line and then incubating said transfected indicator cell line for a time and 
under conditions sufficient to permit growth of said cells and then detecting cell activity 
by the action of luciferase on luciferin. 

6. A method for detecting growth of a factor-dependent indicator cell line, said 
method comprising generating a transfectant of said factor-dependent cell line with a 
genetic sequence encoding luciferase or a functional mutant, derivative, part, fragment, 
homologue or analogue thereof such that said luciferase genetic sequence is capable of 
being expressed upon growth of said indicator cell line and then incubating said 
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transfected indicator cell line in the presence of a putative factor or sample containing 
a putative factor for a time and under conditions sufficient to permit growth of said cells 
if said factor is present and then detecting cell growth by luciferase activity on luciferin. 

7. A method according to any one of the preceding claims wherein the indicator cell 
line is the Bl 3 cell line or Baf-I15d receptor cell line. 

S. A method according to claim S or 6 wherein the luciferase genetic sequence is 
derived from firefly. 

9. A method according to claim S or 6 wherein the luciferase genetic sequence is 
derived from Vargula hilgendorfii. 

10. A method for detecting activity of a factor-dependent indicator cell line, said 
method comprising generating a transfectant of said factor-dependent cell line with a 
genetic sequence encoding a reporter molecule or a functional mutant, derivative, part, 
fragment, homologue or analogue thereof such that said reporter molecule genetic 
sequence is capable of being expressed in the presence of said factor and then incubating 
said transfected indicator cell line in the presence of a putative factor or sample 
containing a putative factor for a time and under conditions sufficient to permit growth 
of said cells if said factor is present and then detecting cell activity by determining the 
presence of said reporter molecule. 

11. A method for detecting activity of a factor-dependent indicator cell line, said 
method comprising generating a transfectant of 3aid factor-dependent cell line with a 
genetic sequence encoding luciferase or a functional mutant, derivative, part, fragment, 
homologue or analogue thereof such that said luciferase genetic sequence is capable of 
being expressed in the presence of said factor and then incubating said transfected 
indicator cell line in the presence of a putative factor or sample containing a putative 
factor for a time and under conditions sufficient to permit growth of said cells if said 
factor is present and then detecting cell activity by the action of luciferase on luciferin. 
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12. A method according to claim 11 wherein the luciferase genetic sequence is 
inserted into a genomic location such that it is a marker for alternative splicing. 

13. A method according to claim 12 wherein the luciferase genetic sequence is 
inserted downstream of an exon in a gene encoding a cytokine receptor. 

14. A method according to claim 12 wherein the luciferase genetic sequence is 
inserted downstream of an exon in a gene encoding the IL5 receptor a-chain. 

15. A factor-dependent cell line transfected with a genetic construct encoding a 
luciferase such that upon growth of said factor-dependent cell line, there is an increase 
in luciferase activity. 

16. A factor-dependent cell line according to claim 15 wherein the luciferase genetic 
construct is expressed upon activation of the factor-dependent cell line with said factor. 

17. A factor-dependent cell line according to claim 16 wherein the luciferase genetic 
sequence is fused to the genetic sequence encoding a receptor for said factor such that 
luciferase is produced upon interaction between the factor and its receptor. 

1 8. A factor-dependent cell line according to claim 1 7 wherein the factor is IL-5 and 
its receptor is the IL-5 receptor. 

19. A genetic construct comprising first and second nucleotide sequences wherein the 
first sequence encodes a receptor for a factor, and said second nucleotide sequence 
encodes luciferase or functional like molecule wherein upon expression of the first 
nucleotide sequence, said second nucleotide sequence is expressed to produce luciferase. 

20. A genetic construct according to claim 19 wherein the second nucleotide 
sequence is placed at the 3' end of an exon on said first nucleotide sequence. 
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21 . A kit useful for detecting factors such as cytokines and/or agonists or antagonists 
thereto, said kit comprising in multi-component form, a first component comprising a 
factor-dependent cell line capable of producing luciferase in response to said factor and 
a second or further components comprising reagents for detecting activity of luciferase. 

22. A cytotoxicity assay for an indicator cell line, said method comprising generating 
a transfectant of said cell line with a genetic sequence encoding a reporter molecule or 
a functional mutant, derivative, part, fragment, homologue or analogue thereof such that 
said reporter molecule genetic sequence is capable of being expressed upon growth of 
said indicator cell line and then incubating said transfected indicator cell line in the 
presence of a putative cytotoxic factor or sample containing a putative cytotoxic factor 
for a time and under conditions sufficient to permit growth of said cells if said factor 
is present and then detecting cell activity by determining the presence of said reporter 
molecule. 

23. A cytotoxicity assay for an indicator cell line, said method comprising generating 
a transfectant of said cell line with a genetic sequence encoding luciferase or a functional 
mutant, derivative, part, fragment, homologue or analogue thereof such that said 
luciferase genetic sequence is capable of being expressed upon growth of said indicator 
cell line and then incubating said transfected indicator cell line in the presence of a 
putative cytotoxic factor or sample containing a putative cytotoxic factor for a time and 
under conditions sufficient to permit growth of said cells if said factor is present and 
then detecting cell activity by the action of luciferase on luciferin. 

24. A cytotoxicity assay according to claim 22 or 23 wherein putative cytotoxic 
factors are chemical compounds, antibodies, recombinant molecules, naturally occurring 
or synthetic isolated molecules and pharmaceutical compounds. 

25. A method for detecting adherence of an indicator cell line, said method 
comprising generating a transfectant of said cell line with a genetic sequence encoding 
a reporter molecule or a functional mutant, derivative, part, fragment, homologue or 
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analogue thereof such that said luciferase genetic sequence is capable of being expressed 
in said indicator cell line and then incubating said transfected indicator cell line for a 
time and under conditions sufficient to permit adherence of said cells and then detecting 
the presence of said reporter molecule after non-adhered cells are removed. 

26. A method for detecting adherence of an indicator cell line, said method 
comprising generating a transfectant of said cell line with a genetic sequence encoding 
luciferase or a functional mutant, derivative, part, fragment, homologue or analogue 
thereof such that said luciferase genetic sequence is capable of being expressed in said 
indicator cell line and then incubating said transfected indicator cell line for a time and 
under conditions sufficient to permit adherence of said cells and then detecting luciferase 
activity on luciferin after non-adhered cells are removed. 
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